The corrosion properties of magnesium alloy AE42, just extruded and with posterior eight passes through equal channel angular pressing after extrusion, were investigated in 0.1 M NaCl by electrochemical impedance spectroscopy. The obtained samples were compared using scanning electron microscopy micrographs of the corrosion layers created on the surface of the specimens. The background of the substantial higher corrosion resistance of the samples after equal channel angular pressing treatment was found to be the much thicker and stable corrosion layer and smaller separating fragments in comparison with the just extruded samples. The lowering of the grain size by severe plastic deformation, especially by the equal channel angular pressing treatment was found to be also responsible for the enhancement of the corrosion resistance in AE42 class of magnesium alloys.
Introduction
Magnesium alloys own several excellent properties which puts them in the focus of today's researchers.
These properties include a low density, a high specic strength, good castability (suitable for high pressure die--casting), an ability to be turned/milled at high speed and a good weldability under controlled atmosphere. In addition, they have a relative low production cost, a high recycling ability and good damping properties. Nowadays even biodegrability and biocompatibility were found to be interesting properties in these materials. The main disadvantages are low elastic modulus, limited cold working and toughness, limited strength and creep resistance at elevated temperatures, high degree of shrinkage on solidication, high chemical reactivity and limited corrosion resistance [1] .
Corrosion is in the most common way known as an electrochemical oxidation of metals in reaction with an oxidant such as oxygen. The speed of corrosion depends on many parameters such as composition of the metal and its surroundings, temperature, presence of radiation etc. In an electrochemical experiment [2, 3] , the metal is immersed in a solution with an anode, a cathode and an ionic and an electrical current path between them two. The corrosion layer that appears on the surface is in some cases so strong that the electrical ow can be almost stopped. When such layer is stable under normal condi- * corresponding author; e-mail: peter.minarik@mff.cuni.cz tions, this is called passivation, and can be observed e.g. in aluminum or titanium in common environments. The composition and stability of the layer for magnesium dissolution has already been investigated with conclusions that magnesium dissolution in aqueous environment creates partially passive lm Mg(OH) 2 and/or hydride lm MgH 2 . Stability of the hydroxide lm depends on the pH of the solution. In the solution with the pH of 11 and higher, the lm is stable [4] , whereas when the pH is lower than 11 the lm of Mg(OH) 2 is only partially protective.
However it was reported that the corrosion resistance of AZ31 magnesium alloy was enhanced by equal channel angular pressing (ECAP) treatment [5] , which poses the question of the origin of this enhancement of corrosion resistance.
Experimental procedures
The examined magnesium alloy AE42 (4 wt% of aluminum and 2 wt% of rare earths, mishmetal) was prepared by hot extrusion at T = 350
• C with an extrusion ratio ER = 12. Afterwards the specimens were machined to initial dimensions of 10 mm × 10 mm × 100 mm.
Both alloys were processed 8 times by ECAP to prepare the bulk material with ne grained structure, to a maximum equivalent strain of 8 [6] , which means 8 passes (8P) following route B c dierently. Molybdenum disulphide grease was used as a lubricant. Table I shows manufacturing procedure of AE42-8P specimen. The angle Θ between two intersecting channels and the corner angle Ψ were 90
• and 0
• , respectively.
TABLE I ECAP procedure of AE42-8P specimens, P = pass. The immersion was conducted in Hank's balanced salt solution with the composition presented as Table II . The microstructure of the corrosion layers was inves- The character of the graphs is alike for both samples and both durations, which means that the physical processes in the metal/solution interface are the same for both samples. After immersion of the specimen into the aqueous solution the surface is covered by a thick layer of magnesium hydroxide [7] . The plots after 5 min immersion are characterized by two well-dened capacitive loops, at high and medium frequencies, followed by an inductive loop in the low frequency region. The high frequency capacitive loop is related to the charge transfer resistance and the medium-frequency capacitive loop is connected with diusion processes through the corrosion products layer. The inductive loop in the low frequency range is related to the relaxation of adsorbed species [3, 810] . The rst noticeable fact is that the corrosion resistance of the ECAPed sample is almost double when compared to the only extruded one which corresponds to the wider loops in the Nyquist plots and which is more important in the micrographs of Fig. 2 , where the layer created on ECAPed sample is almost twice as thick as of the just ing. However, the dierence between the thickness of the layer of the extruded specimen between seven and thirty days is much smaller as compared to the evolution of the layer on the ECAPed sample. The second important point is that there is dierence in the fragments separating from the surface, much smaller from ECAPed sample:
this is one of the mechanisms that stabilize the corrosion layer of the samples with the ECAP treatment [13] .
Conclusions
EIS measurements were conducted on a AE42 magnesium alloy after extrusion only and extrusion followed by eight passes through the ECAP die. The resulting polarization resistance showed substantial higher corrosion resistance of the ECAPed samples. The background of such an improvement is much more stable and thicker corrosion layer created on the ECAPed samples. Though the composition of both alloys was the same, the ECAPed sample gained better corrosion resistance. Therefore, the severe plastic deformation is responsible for the enhanced corrosion resistance of AE42 magnesium alloy.
